Research in social neuroscience has uncovered a social knowledge network that is particularly attuned to making social judgments. However, the processes that are being performed by both regions within this network and those outside of this network that are nevertheless engaged in the service of making a social judgment remain unclear. To help address this, we drew upon research in semantic memory, which suggests that making a semantic judgment engages 2 distinct control processes: A controlled retrieval process, which aids in bringing goal-relevant information to mind from long-term stores, and a selection process, which aids in selecting the information that is goal-relevant from the information retrieved. In a neuroimaging study, we investigated whether controlled retrieval and selection for social information engage distinct portions of both the social knowledge network and regions outside this network. Controlled retrieval for social information engaged an anterior ventrolateral portion of the prefrontal cortex, whereas selection engaged both the dorsomedial prefrontal cortex and temporoparietal junction within the social knowledge network. These results suggest that the social knowledge network may be more involved with the selection of social information than the controlled retrieval of it and incorporates lateral prefrontal regions in accessing memory for making social judgments.
Introduction
One of the most important jobs for humans is to understand each other. Our ability to do so begs a classic question in social psychology: How do we make judgments about other people's attributes, feelings, beliefs, and personalities? Neuroscience research addressing this question over the last decade has focused primarily on identifying the systems that are involved in making such judgments. To this effect, a core network supporting such judgments has been identified that has been variously referred to as the mental state attribution, theory of mind, or social cognition network (Fletcher et al. 1995; Grady and Keightley 2002; Gallagher and Frith 2003; Ochsner 2004; Amodio and Frith 2006; Van Overwalle 2009) . Here, we use the term "social knowledge network" to refer to this set of areas because it captures a key feature common to all accounts of it-this group of regions is engaged when accessing and making use of social knowledge in general, be it for the sake of mental state attribution, trait inference, person memory, impression formation, and so on (Gallagher and Frith 2003; Saxe and Kanwisher 2003; Lieberman et al. 2004; Ochsner 2004 ; Olsson and Ochsner 2008; Mitchell 2009; Zaki et al. 2009; Spunt et al. 2011 ). The social knowledge network is centered around the dorsomedial prefrontal cortex ( putative Brodmann's area 9), which is the region most commonly associated with making person judgments, and may include a variety of posterior cortical regions as well, including the precuneus, temporal-parietal junction, and temporal pole (Grady and Keightley 2002; Ochsner 2004; Van Overwalle 2009 ).
While we know that this network (or some portion of it) is engaged when making judgments about people, 2 key questions about this network remain unanswered. First, it is not yet clear what specific processes each region within this network carries out when making person judgments. Secondly, areas beyond those typically thought to comprise the social knowledge network are also active when one makes judgments about people, and the contributions of these regions also remain unclear. For example, parts of ventrolateral prefrontal cortex (vlPFC, which includes the inferior frontal gyrus), whose activity is often found in studies of "cold" nonsocial/nonaffective cognition, have also been engaged (Gorno-Tempini and Price 2001; Grabowski et al. 2001; Shah et al. 2001; Kelley et al. 2002; Tsukiura et al. 2002; Heberlein and Saxe 2005; Mitchell et al. 2005; Zahn et al. 2007; Rameson et al. 2010; Simmons et al. 2010; Cloutier et al. 2011) . These activations often are not the focus of research in the neuroscience of person judgments in part because the domain general functions of the lateral prefrontal cortex (Miller and Cohen 2001; Simmons et al. 2010) have not been central to the theme of what is distinct about social cognition (Sergent et al. 1992; Mitchell et al. 2002; Saxe and Powell 2006) . As such, these regions are most often left in the background in the person judgment literature and have only received a modest amount of speculative attention (Grabowski et al. 2001; Tsukiura et al. 2002; Lieberman et al. 2004; Ochsner et al. 2004 Ochsner et al. , 2005 Cloutier et al. 2011 ). An alternative, complimentary approach to studying the neural systems supporting person judgments is not to ask which neural systems are "distinctly" social, but instead to characterize neural regions based on what "kinds" of processes are engaged when making social judgments (Mitchell 2009 ). Doing so may help us understand the roles that both medial and lateral portions of the prefrontal cortex play in social cognition.
In pursuing this course, we began by asking what making person judgments and making judgments about nonperson objects have in common. We reasoned that both judgments depend upon retrieving information from memory. Further, we noted that the tasks used to study semantic retrieval (Thompson-Schill et al. 1997; Wagner et al. 2001) are in many ways similar to tasks used in studies of person judgments. In both cases, it is common to be given a target stimulus and make judgments about its attributes-be they semantic or social. To date, what has been emphasized in the literature is the fact that when it is a person, there are different kinds of attributes and judgments being made than when it is not a person. These differences in content have inspired the hypothesis that these regions engage "processes" that may be unique to social cognition (Sergent et al. 1992; Mitchell et al. 2002; Van Overwalle 2009; Contreras et al. 2011) . However, though differences in content have clearly been found, there may nevertheless be similarities in terms of the kinds of processes that access information about nonsocial things as well as for people.
Studies of semantic memory suggest that the act of accessing information may involve 2 separate control processes (Thompson-Schill et al. 1997; Wagner et al. 2001; Badre et al. 2005 ). The first is a "controlled retrieval" process that enables us to search for and retrieve information that may be of relevance. The second is a "selection" process-another kind of control process-that picks the most goal-appropriate item from among all the information that has been retrieved. For example, suppose one is trying to remember a specific song sung by a pop star. The name of the pop star might automatically retrieve the information that is most strongly associated with her, perhaps her image or the latest gossip. If the song title is not automatically retrieved, however, a controlled retrieval process may be engaged to produce more associated information. In this way, controlled retrieval enables one to retrieve more information from memory, however weakly it may be associated with the initial retrieval cue. As controlled retrieval brings to mind the various pieces of information about the pop star, a second control process, "selection," must pick out the information that is most relevant to the goal (i.e. the specific song) and ignore retrieved information that is irrelevant to it (e.g. other song titles or gossip that may be irrelevant to the song). As such, selection is a form of conflict resolution (Miller and Cohen 2001) . Notably, we use the term "controlled retrieval" to distinguish it from more automatic forms of retrieval, but we use the term "selection" because there is no automatic form of selection; rather selection always involves the use of control processes to resolve conflict between competing alternatives (Miller and Cohen 2001) .
In most situations, accessing information from memory involves both controlled retrieval and selection. However, the contributions of controlled retrieval and selection to neural activity can be assessed by taking 2 principles into account. The first principle is that the relative involvement of controlled retrieval and selection processes in making a judgment is driven by different features (Fig. 1) . Controlled retrieval is driven by the extent to which goal-relevant information is not automatically produced (i.e. more controlled retrieval is required if goal-relevant information is not automatically produced). Selection is driven by the competition among retrieved items, regardless of whether they were retrieved via automatic or controlled mechanisms (i.e. more competition between items places more demands on selection). The second principle is that these features, and hence controlled retrieval and selection processes, interact with each other. For instance, this may play out as follows: As controlled retrieval brings more goal-associated information to mind, selection has a more difficult time choosing which associates are goalrelevant and which are not. As selection demand increases with competition of the items, controlled retrieval may be further employed to access more information to help resolve this competition. In both cases, increasing the demands placed on controlled retrieval also increases demands placed on selection and vice versa. This is critical, for it indicates that Figure 1 . Making social judgments involves accessing goal-relevant information from memory. This access relies on 2 processes: Controlled retrieval and selection. The demand for these processes in turn depends on 2 features, the associative strength between the cue and target (depicted along the x-axis) and the competition between the cue and target (depicted along the y-axis). The curvilinear line illustrates that these features are nonindependent: As associative strength between a cue and a target decreases, the competition or interference also increases (e.g. because weakly associated targets of a cue must compete against more strongly associated probes that may be retrieved surreptitiously). Thus, to separate out the contributions of controlled retrieval and selection in making social judgments, participants engaged in 2 conditions. For one condition, which is illustrated in the top portion of the graph, participants made an "Associated?" judgment by matching the cue name (e.g. "Fidel Castro") with the more associated probe name. The probe was either more strongly associated (e.g. "Che Guevara") or more weakly associated (e.g. "Jimmy Carter"; gray circles were not shown in the task, but are included here to indicate the correct probe response). Comparing trials with weaker associative strength to trials with stronger associative strength increases demands placed on controlled retrieval. However, it may also increase the demands placed on selection (e.g. because matching Fidel Castro with Jimmy Carter may nevertheless bring information about stronger associates, such as Che Guevara, to mind surreptitiously, and this information must be selected against). Thus, a second condition is involved, which is illustrated in the bottom portion of the graph, in which a matching judgment is made along a specific dimension (e.g. "Intelligence?"). Comparing trials with higher selection demand (e.g. having to match the cue "William Shakespeare" with the probe "Siddhartha" for intelligence involves selecting against the stronger but irrelevant probe "Romeo") versus those that have low selection demand (i.e. trials in which the more associated probe is also the better match for the given dimension, in this case for "Isaac Newton," "Charles Darwin" is both more associated and the correct match). With these conditions, the difference between the conditions in the top graph and in the bottom graph reveals whether neural regions are more associated with controlled retrieval or selection.
task manipulations cannot selectively increase the involvement of controlled retrieval or selection-increasing demands placed on controlled retrieval will have an influence on selection and vice versa. Thus, to measure the contribution of these processes to social knowledge retrieval requires breaking the correlation between these factors.
With this in mind, we adapted a matching task from prior semantic memory research that allows for these processes to be partially uncoupled during retrieval ( Fig. 1 ; Badre et al. 2005) . In this task, participants see a cue word (e.g. "candle") and judge which of 2 probe words (e.g. "flame" and "pencil") is most associated with it (in this case, flame). The demand for controlled retrieval is varied by manipulating how strongly associated the cue and target are. For example, similar to tasks examining semantic priming (e.g. Gold et al. 2006) , when the cue and target are weakly associated (e.g. presenting candle with "halo"), this places greater demands on controlled retrieval when compared with when they are strongly associated (e.g. presenting candle with flame, which is more strongly associated with candle). Notably, this manipulation will also putatively increase demands on selection as competition will necessarily covary with additional retrieval on weak trials. The demand for selection is manipulated by asking participants to match along a dimension (e.g. "shape") that requires selecting the typically nonassociated probe (i.e. pencil, which now matches the cue candle better than flame for shape) over the typically associated probe. The critical analysis is to compare these task conditions, and hence the demands placed on controlled retrieval and selection, against each other. Imaging studies using these methods have found that controlled retrieval and selection depend upon distinct regions of the vlPFC (Badre et al. 2005; Badre and Wagner 2007) . Here, we asked whether the controlled retrieval and selection of social information depend upon the prefrontal regions implicated in mental state attribution, such as the dorsomedial prefrontal cortex (Fletcher et al. 1995; Grady and Keightley 2002; Gallagher and Frith 2003; Ochsner 2004; Amodio and Frith 2006) , prefrontal regions implicated in accessing information from semantic memory, such as the vlPFC, or a combination of both.
To address this question, we adapted the experimental logic described above for use with social information (Fig. 1 ). We generated a normed body of social information consisting of famous people and fictional characters using norming methods similar to those in semantic memory research. Using these stimuli, participants were asked to match a cue name with 1 of the 2 probe names. To vary demands for the controlled retrieval of social information, participants were shown the instruction, "Associated" which indicated that the cue name was to be matched with the more associated name. Controlled retrieval demands were greater for trials in which the target name was weakly associated with the cue name relative to those in which the target name was more strongly associated with the cue name (see Materials and Methods, for example). To vary demands for the selection of social information, participants were shown one of several different selection dimensions (e.g. "Age," "Intelligence," "Gender," etc.) on which the cue name could be matched to one of the probe names. Selection demands were greater for trials where the correct response required choosing the probe name that was more weakly associated with the probe name overall (and selecting against the more associated but incorrect probe name) relative to trials in which the selection cue required choosing the strongly associated name (see Materials and Methods, for example). With these conditions in place, we first contrasted them to examine which neural regions were preferentially engaged by controlled retrieval or selection (Fig. 1) . We then combined them to examine which neural regions are commonly involved when increasing demands are placed on both controlled retrieval and selection.
Materials and Methods
Participants Thirty-three (aged 18-35; 11 males) healthy, native English speaking, right-handed participants provided informed consent following Columbia University's IRB guidelines. They received US$25/hour in compensation. Participants were screened to have no ferromagnetic metals in their body and no metals that could influence the magnetic resonance imaging (MRI) signal, not to be claustrophobic, and for female participants not to be pregnant.
Stimuli
Across 4 pilot studies, we developed a normed body of social information (famous people and fictional characters) using procedures similar to those implemented in studies of semantic memory (Postman and Keppel 1970; see Supplementary Materials) . In brief, participants were shown cue names and responded with the first associated person or character that came to mind. From this list, frequencies were tabulated and associate strength ratings were obtained (e.g. for the cue name "Arnold Schwarzenegger," the most frequently and hence strongly associated name was "The Terminator" and a less frequently and hence weakly associated name was "Maria Shriver"). The overall ratio of strong-to-weak associative strength was 15.2:1; that is, on average people would retrieve the strong associate 15.2 times more often than the weak associate when presented with the cue name (this is comparable with studies in semantic memory, which have ranged in their strong:weak ratio between 5:1 and 22:1, for example, Badre et al. 2005 ). Based on these pilot studies, 4 lists of 18 items each were generated, balanced for familiarity ratings, number of letters, and number of syllables. Each item was composed of a cue name, a strongly associated probe name, a weakly associated probe name, an unrelated probe name, and a selection instruction cue. Lists were counterbalanced across the 4 conditions (see below) across subjects.
Design and Task
The goal of this experiment was to manipulate controlled retrieval and selection demands for social information (Fig. 1) . In one condition, participants were shown the instruction word "Associated" for 1 s, followed by a blank screen interstimulus interval (ISI) jittered for 2-8 s (see below for details on the jitter). A triad of names consisting of the cue name and 2 probe names then appeared. The cue name was presented in the top center of the screen, and the 2 probe names -one associated (either strongly or weakly) with the cue and one unrelated to the cue-were presented on the bottom left and right of the screen counterbalanced for the target position. Participants were instructed to match the cue with the probe name that was more globally associated with it, and the need for controlled retrieval was varied by manipulating how strongly associated the cue was to the target. For half the trials, the cue name (e.g. "Karl Marx") was to be matched with a weakly associated target name (e.g. "John Locke") over a nonassociated name (e.g. "Wonder Woman"), whereas for the other half, the cue name was to be matched with a strongly associated target name (e.g. "Vladimir Lenin") over the nonassociated name (Fig. 1) . The triad remained on the screen until a response was made or upon a 5-s time-out and was followed by a blank screen intertrial interval (ITI) jittered for 4-10 s (see below for details on the jitter).
In another condition, the trial structure was essentially identical except that, instead of the Associated instruction, each trial started with 1 of 6 instruction words that indicated the dimension of comparison for cue and probe names to be used as the basis of selection: "Intelligence," "Authority," "Gender," "Age," "Healthiness," or "Craziness" (Supplementary Materials). The need for selection was manipulated by asking participants to match along a dimension that required selecting the typically nonassociated probe over the typically associated probe (Fig. 1) . Thus, on high selection demand trials, given a specific selection dimension (e.g. Gender), the cue name (e.g. "Hugh Grant") was to be matched with the nonassociated target name (e.g. "Chewbacca") rather than an associated name (e.g. "Elizabeth Hurley"). But on low selection demand trials, given a specific selection dimension (e.g. Gender), the cue name (e.g. "Martha Stewart") was to be matched with an associated target name (e.g. "Julia Child") rather than the nonassociated target name (e.g. "Popeye").
To determine the duration of jittered intervals during the ISI and ITI periods and the arrangement of the trials, a design optimization algorithm was implemented (Dale 1999) . The algorithm generated designs randomly with the constraints that the total ISI and ITI times granted to each experimental condition were the same, and that the experimental conditions had a maximum of 3 successive trials for a given condition, were each represented across 18 successive trials, and were evenly represented across the 2 functional runs. From 500 generated designs, we selected the design that optimally separated the time course signals for the comparisons of high versus low retrieval demand conditions, high versus low selection demand conditions, and activity related to the instruction cue phase from the triad of names. The task was divided across 2 functional runs, each lasting 7 min 24 s.
Procedure
Participants were prescreened over the telephone. Upon arrival at the Neurological Institute, participants completed the consent process, completed a standardized battery of demographic and individual differences questionnaires (not used in the current study), completed practice versions of the scanner tasks, and were then placed in the MRI scanner where 12 min of structural scanning was completed followed by 2 runs of the present experimental task and 3 runs of a different task related to another study (the other experiment investigated the neural bases of emotion using a completely different task paradigm). After exiting the scanner, participants completed a debriefing questionnaire and were compensated for participation.
Apparatus
Scanning was conducted on a GE TwinSpeed 1.5-T scanner equipped with an 8-channel head coil. Functional scans were obtained using a spiral in/out spoiled gradient echo (SPGR) pulse sequence (time repetition, TR = 2000 ms, slice thickness = 4.5 mm, gap = 0, flip = 84, field of view (FOV) = 22.4 cm, matrix = 64 × 64, voxel size = 3.5, 3.5, 4.5 mm, interleaved bottom-to-top acquisition). A structural SPGR sequence was also obtained (TR = 19 s, time to echo = 5 ms, slice thickness = 1 mm, gap = 0, flip = 20, FOV = 25.6, matrix = 256 × 256, voxel size = 1, 1, 1, interleaved bottom-to-top acquisition). Stimulus presentation and behavioral data collection were administered with a desktop PC and Matlab software with the Psychophysics toolbox (Brainard 1997; Pelli 1997) . Stimuli were projected on a screen visible in a mirror attached to the head coil. Responses were made with a scanner compatible button response pad. Participants wore earplugs to reduce scanner noise, and pads and a strip of tape were used to reduce head motion.
Data Analysis
For behavioral data, a correct response was defined as choosing the probe name that best matched the cue name on the dimension given by the instruction cue. Trials that were responded to faster than 200 ms were recoded as a nonresponse. Mean reaction times were calculated for correct responses.
Functional images were preprocessed in SPM5, and statistical models were implemented using custom open-source software (www. neuroelf.com). Images were coregistered, corrected for motion and slice-timing, normalized to the MNI-ICBM152 template, resliced to 3-mm resolution voxels, and smoothed (6-mmfull-width at halfmaximum). First-level models included regressors for: High controlled retrieval demand, low controlled retrieval demand, high selection demand, low selection demand, the associative instruction, the selection instruction, incorrect and nonresponse trials combined, and a Fourier high-pass filter (120 s cutoff). Events were modeled using sticks of 1 s duration and convolved with a canonical hemodynamic response function. Robust regressions were performed at the first level to reduce the influence of outliers in estimating the fit of the model. For second-level analyses, subjects were modeled as a random variable. Robust t-tests were performed across the brain to reduce the potential influence of outlier subjects in the analyses (Wager et al. 2005 ). For statistical thresholding, an AlphaSim Monte Carlo simulation as implemented in AFNI (Forman et al. 1995 ; smoothing kernel estimated at 8.4 mm from the data) was used to determine an extent threshold given a height (P = 0.01) threshold to identify clusters of activation that were significant across a whole-brain corrected threshold [whole-brain family-wise error rate (FWER), α < 0.05; see Zaki et al. 2009; Kober et al. 2010; Somerville et al. 2010 , for similar uses of AlphaSim]. This indicated a cluster extent of k = 84.
Results

Behavioral Results
Reaction times and error rates were analyzed to confirm that both the controlled retrieval and selection manipulations increased the demands on each type of process in the expected way. For controlled retrieval demand, when making an associated judgment, significantly longer reaction times were found for trials that involved having to choose the weaker associate (M = 2661 ms, SD = 439) than for trials that involved having to choose the stronger associate (M = 2415 ms, SD = 407, t(32) = 7.03, P < 10
−7
). The error rates were not significantly different between the 2 conditions (for the weak associates, M = 6.9%, SD = 7.9%; for the strong associates, M = 4.5%, SD = 6.7%; t(32) = 1.68, P = 0.10). For selection demand, when making a judgment for a specific dimension (e.g. Authority), reaction times were longer for trials involving having to choose the nonassociated probe (M = 2687 ms, SD = 532) than for trials involving having to choose the associated probe (M = 2587 ms, SD = 497, t(32) = 2.11, P < 0.05), and error rates were higher as well (select nonassociate: M = 37.4%, SD = 14%; select associate: M = 7.5%, SD = 7%; t(32) = 12.06, P < 10
). In both selection and controlled retrieval conditions, speed and accuracy were in the same direction, inconsistent with a tradeoff between speed and accuracy. Overall, the behavioral results confirmed that demands were increased in both conditions, similar to studies of semantic memory (Badre et al. 2005) .
Neural Regions Responsive Specifically to the Controlled Retrieval or Selection of Social Information
To examine which neural regions were specifically responsive to the controlled retrieval or selection of social information, we compared (1) conditions that increased the demands placed on controlled retrieval with (2) conditions that increased the demands placed on selection. For (1), we took trials in which participants made an associated judgment and among those contrasted trials in which the target name was weakly associated with the cue name (and hence requires more controlled retrieval) versus trials in which target name was strongly associated with the cue name (and hence requires less controlled retrieval). For (2), we took trials in which participants made a judgment along a given dimension (e.g. Age) and we compared trials in which the correct choice was the nonassociated name (and hence places more demand on selection to select for the relevant information against the more associated information) with those in which the correct choice was also the associated name (and hence places less demand on selection since the associated information promotes the same response). To isolate regions that are more associated with controlled retrieval, we compared (1) > (2), and to isolate regions that are more associated with selection, we compared (2) > (1).
Results are displayed in Figure 2 . For the controlled retrieval of social information, no regions showed greater activation. Relaxing the extent threshold revealed a cluster in the left anterior prefrontal cortex showing greater activity to controlled retrieval demand than to selection demand (Montreal Neurological Institute, MNI = [−36, 42, −6], k = 25, t cluster (32) = 3.07, uncorrected), but no activations in regions associated with the social knowledge network. For the selection of social information, activity was found in the dorsomedial prefrontal cortex [putative Brodman's area (∼BA) 9; MNI = [6, 54, 36], t cluster (32) 
Neural Regions Engaged by Increasing Demands for the Controlled Retrieval and Selection of Social Information
Next, we examined which regions were responsive to increasing demands for both controlled retrieval and selection combined (i.e. (1) + (2) using the description above). This showed activity in the lateral prefrontal cortex bilaterally (left hemisphere MNI = [−39, 27, 18] , k = 107, t cluster (32) = 3.22; right hemisphere MNI = [51, 33, 24] , k = 113, t cluster (32) = 2.92), the striatum (MNI = [9, 15, 0], k = 175, t cluster (32) = 3.07), the primary motor cortex (MNI = [−33, −21, 57], k = 279, t cluster (32) = 2.83), the cuneus (MNI = [12, 12] , k = 91, t cluster (32) = 2.93), and the lingual gyrus (MNI = [−18, −84, −9], k = 90, t cluster (32) = 2.90; all activations FWER corrected).
Discussion
This study began with the observation that research in social cognitive neuroscience has identified neural systems involved in making judgments about other people-and has differentiated these systems from the systems involved in generally nonsocial cognition-but it has not yet clarified the nature of the processes that these systems carry out. We helped address this issue by drawing an analogy between person judgments and semantic memory judgments more generally, which suggested that making judgments about social information may involve 2 kinds of control processes: Controlled retrieval, which retrieves more information from memory, and selection, which resolves conflict between competing alternatives to select the goal-relevant option (Thompson-Schill et al. 1997; Wagner et al. 2001; Badre et al. 2005; Badre and Wagner 2007) . To examine the neural correlates of these processes as deployed in the social domain, we designed a task that manipulated controlled retrieval and selection demands when making judgments about other people. The results showed that selection over controlled retrieval engaged the dorsomedial prefrontal cortex and the temporoparietal junction within the social knowledge network (Fig. 2) . A tentative finding was that controlled retrieval over selection was associated with activity in the left anterior vlPFC. This finding is bolstered by several studies in semantic memory, which have implicated the anterior vlPFC in controlled retrieval (Badre and Wagner 2007 ) using priming tasks (Wagner et al. 1997; Gold et al. 2006) , paired-associate learning tasks (e.g. Danker et al. 2008) , and studies that show impairment in controlled retrieval following disruption to the anterior vlPFC (e.g. Gough et al. 2005) . Further, we found that increasing demands for both controlled retrieval and selection engaged the portions of mid-vlPFC among other regions (Fig. 3) .
Implications for Studying the Neural Basis of Person Judgments
The present results were motivated by the question of how distinct neural systems work together when making judgments about people. Prior studies often have focused on the question of which regions are distinctly involved in mental state or trait attribution in particular, or social cognition more broadly. The present study offers a complementary approach to fractionating the various processes that are involved in making a person judgment. It places equal importance on neural regions associated specifically with social cognition, such as dorsomedial prefrontal cortex, and on neural regions that are not so uniquely associated with social cognition, but are nevertheless activated when making social cognitive judgments, such as the vlPFC.
The findings suggest that the psychological act of making a social cognitive judgment relies on both of these systems, but for different reasons. Globally, we found portions of the vlPFC to be involved in using control processes to access and select information for social judgments. This suggests that these regions may involve selection, controlled retrieval, or both. The portions of these lateral prefrontal regions have also been associated with reasoning (Goel et al. 1997; Prabhakaran et al. 1997; Prado et al. 2011) , including making causal inferences (Satpute et al. 2005) , which may also be relied upon when making social judgments. More specific to controlled retrieval and selection, however, we found that an anterior portion of vlPFC may support control processes used to retrieve information about people. In contrast, the social knowledge network, centered on the dorsomedial prefrontal, was particularly associated with the selection of information that is most relevant to the social judgment at hand.
Prior studies in the neuroscience of person judgments have often compared conditions where participants make social judgments with conditions where they make nonsocial judgments (Kelley et al. 2002; Mason 2004; Mitchell et al. 2005; Zahn et al. 2007) , or have directly compared 2 kinds of social judgment (Gorno-Tempini et al. 1998; Shah et al. 2001; Lieberman et al. 2004; Ochsner et al. 2004 Ochsner et al. , 2005 Lieberman et al. 2007; Rameson et al. 2010; Spunt et al. 2011; Denny et al. 2012 ). In general, such studies have found activation differences in both medial and lateral portions of the prefrontal cortex. While a role for the dorsomedial prefrontal cortex in memory for social information has been proposed in earlier work (Mitchell et al. 2002; Lieberman et al. 2004 ), the present findings extend this idea by proposing that the dorsomedial prefrontal cortex is specifically engaged by the selection of social information rather than the controlled retrieval of social information.
The results also showed that selection engaged other regions commonly associated with the social knowledge network, too, such as the temporoparietal junction (Saxe and Wexler 2005) . Indeed, we did not find that different regions in the social knowledge network were differentially responsive to controlled retrieval and selection. This finding suggests that regions in the social knowledge network may function more cohesively in selecting for social information. Neural regions specific to controlled retrieval demands (A) and selection demands (B) for social information. The left anterior vlPFC (A) showed greater activity to controlled retrieval demand than to selection demand for social information, but at an uncorrected threshold. The dorsomedial prefrontal cortex (B) showed greater activity to both selection demand alone and in the comparison of selection demand with controlled retrieval demand (P < 0.05, FWER corrected). Figure 3 . Sagittal (A) and coronal (B) views of lateral prefrontal neural regions that respond to increasing memory retrieval demands for social information (controlled retrieval and selection demands combined; P < 0.05, FWER corrected).
Implications for the Cognitive Neuroscience of Semantic Memory A current theme in the semantic memory literature is that strategic access to semantic memory involves distinct control processes (i.e. controlled retrieval and selection of semantic information), and that these processes are dissociable in the brain (Badre et al. 2005; Badre and Wagner 2007) . Our study drew on the theory and the methods used in that research to extend this distinction to the social domain. Broadly, our findings support the view that, as with semantic memory, controlled retrieval and selection processes also engage different neural circuitry when making social judgments-although the nature of these differences varies across domains.
Consider, for example, that semantic memory studies (Badre and Wagner 2007) have found that controlled retrieval is associated with an anterior portion of the vlPFC. We found that a region of the left anterior vlPFC was similarly engaged by the controlled retrieval of social information. These results suggest that the controlled retrieval of social and semantic information may both rely on the anterior vlPFC. Studies of semantic memory also have found that selection is associated with a more dorsal area in the mid-vlPFC. While we found this area to be activated by selection and controlled retrieval for social information, we found in particular that selection for social information engaged the dorsomedial prefrontal cortex and temporoparietal junction in the social knowledge network.
Such potential differences are intriguing since a current focus of research in social cognitive neuroscience is the degree to which dorsomedial prefrontal cortex uniquely processes social information (Sergent et al. 1992; Mitchell et al. 2002; Van Overwalle 2009; Contreras et al. 2011 ). On the one hand, our findings suggest that the selection of social information engages dorsomedial prefrontal cortex may support the idea of greater functional specialization for this region. On the other hand, our findings also suggest that what places dorsomedial prefrontal cortex apart is not necessarily the presence of a distinct social cognitive process per se, but a difference in the kind of information being selected. That is, in accessing social or nonsocial/semantic information, the same kinds of processes (i.e. selection or controlled retrieval) may be engaged, but what differentiates these neural systems is the kind of semantic information that is being selected for be it social or nonsocial.
This perspective offers new insights into current themes on the organization of social knowledge in the brain. For instance, a recent meta-analysis of imaging studies on judgments about the self versus of others (Denny et al. 2012) showed that both kinds of judgments activate dorsal and ventromedial prefrontal cortices, but that the dorsomedial prefrontal cortex is more frequently activated for judgments about others and ventromedial prefrontal cortex for judgments about the self (also see Mitchell et al. 2005 ). The present results suggest that judgments about others may depend more than that about the self on the controlled selection of social information. However, we did not see any differences in controlled retrieval or selection in the ventromedial prefrontal cortex. One possibility is that ventromedial prefrontal cortex is specifically involved in the selection of emotional and/or bodily state information (Fellows and Farah 2003; Lieberman et al. 2007; Ochsner et al. 2009; Schiller and Delgado 2010) . This possibility could be tested in future work. Indeed, though the present study was designed to compare controlled retrieval and selection demands within the domain of social knowledge, a future study that directly compares these demands across the domains of social, semantic, and bodily/ affective information, would be of interest.
Implications for Clinical Populations
Several clinical populations show abnormal processing of social information including autism spectrum disorder (Baron-Cohen et al. 2001) , borderline personality disorder (Benjamin and Wonderlich 1994) , and schizophrenia (Penn et al. 1997) . Intriguingly, these populations also show abnormal activity in both the dorsomedial prefrontal cortex and vlPFC (Hadjikhani and de Gelder 2003; Ochsner 2008; Pinkham et al. 2008 ). The present study makes 2 key suggestions for future studies of these clinical groups. The first concerns the fact that much of the literature has focused on relating activity in the social knowledge network to social cognitive deficits in clinical populations. Our findings suggest that future work could look beyond the social knowledge network as well, to examine the ways in which social cognitive deficits also may also stem from domain general retrieval mechanisms in vlPFC. The second is that deficits in social cognitive abilities may be thought of as arising from deficits in specific constituent processes in the controlled retrieval or selection of social information. As such, the findings of this study may help generate new hypotheses for why some populations have difficulties in making social judgments and may help to better characterize what the underlying cognitive nature of these deficits may be.
Conclusions and Future Directions
Overall, this study suggests that our ability to make judgments about and understand others involves not only regions implicated in the social knowledge network that are used to select task-appropriate social information, but also involves domain general control mechanisms used to retrieve this information in the first place. Apart from these insights, the study also highlights future questions to be addressed and the possibility that social cognitive deficits are related to decrements in these specific processes. Future studies may benefit from the approach of manipulating the same processing demands across both social and nonsocial semantic knowledge domains to determine how neural activity in both domain general and domain specific neural systems plays a central role in the ability to make judgments about people.
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